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JOHN P. GROTZINGER

MASSACH USETFS INSTITUTE OF TECHNOLOGY

The work accomplished under NASA Grant NAG5-6722 "Early Precambnan Carbonate
and Evaporite Sediments: Constraints on Environmental and Biological Evolution" was very
successful. Our lab was able to document the occurrence and distribution of evaporite-to-
carbonate transitions in several basins during Precambrian time, to help constrain the long-
term chemical evolution of seawater.

Project 1: Carbonate precipitation in a Proterozoic hypersaline basin

A unique tufa and stromatolite succession, represented by the uppermost l0 m of
the -1.8 Ga Heame Formation (Pethei Group), northern Canada, developed across a large
carbonate platform during a transition from normal marine to evaporitic conditions. In
ascending order, the facies which document this transition consist of dendritically branching
tufa, irregularly laminated flat to domal stromatolites and even, isopachously laminated
domal stromatolites. The morphologies and textures of these tufas and stromatolites are
similar to structures produced in heavily mineralized depositional environments (e.g. hot-
spring and hypersaline depositional systems). Comparison with structures produced in the
mineralizing systems, as well as with laboratory experiments of biological growth and
abiotic mineral precipitation provide insight into the mechanistic processes which
contributed to development of the unusual facies of the uppermost Hearne Formation.

This comparison suggests the Hearne tufa and stromatolites were formed by biotic
and abiotic processes whose influence on morphology fluctuated during the deposition of
these facies. The key to understanding the dominant role that abiotic processes played in
development of these unusual carbonate fabrics lies in recognizing that these features
formed during a transition from norrnal marine to evaporite conditions when seawater
became warmer, increasingly saline, and more conducive to in situ mineralization. The tufa
facies and domal, isopachously laminated stromatolite facies are both considered to have
resulted from abiotic precipitation of carbonate mud induced by progressive oversaturation
of seawater assciated with increasing temperature and salinity during restriction of the
Pethei basin. These facies are not observed in normal marine carbonates of this age and

younger and so the presence of such extreme environmental conditions are considered
essential for the development of this facies. The generic growth mechanism of diffusion-
limited aggregation (or similar depositional process) is invoked here to account for growth
of micritic, dendritically branching tufa as a dominantly abiotic process. Similarly, domal
stromatolites with even, isopachous laminae and evidence for surface normal growth may

have been produced primarily by abiotic mineral precipitation of micrite cement at the
sediment-water interface. Whether or not micrite precipitation was kinetically aided by the

presence of microbes remains uncertain as there is no preserved evidence of such structures.
However, the characteristically irregular lamination of the flat to domal stromatolites is most
consistent with the former presence of discontinuous microbial mats which would have
trapped and bound loose sediment. Abundant precipitation is not indicated in this facies as
no calcified sheaths are preserved.



Project2: PaleoproterozoicCarbonate-to-HaliteTransition

UppermostPetheiGroupcarbonates,theoverlyingStarkFormationevaporite
collapse-brecciaandTochatwiFormationsiliciclasticsin AthapuscowBasin,Northwest
Territories,Canadarecordthetransitionfrom openmarine,carbonateplatformdeposition
intomarinesiliciclasticsandevaporitesandnon-marinesilciiclastics.Brecciaoccurs
directlyabovebothshallowanddeepwatercarbonatesindicatingevaporitesformedacross
theplatformaswell asadjacentbasin.Founderedclastsupto 1.5km longand40m thick
in basinwardsettingssuggestcumulativeevaporitethicknessesontheorderof afewtensto
afewhundredsof meters.Carbonateclastsin themegabrecciacontainabundantwave
ripples,planarlaminations,stromatolitesandooidsindicatingshallowsubaqueous
deposition.A paucityof subaerialexposurefeaturesalsosuggestsnearlyall deposition
occurredsubaqueously.Sandstonein theupperpartof theStarkFormationthins
northwardwhereit interfingerswith interbeddedsiltstoneandshale.

Displacivehalitepseudomorphsarecommonthroughoutall faciesin theStark.
Silicified anddolomite-filiedhalitepseudomorphsare_:ommonalongthePethei/Stark
contactandsuNoundinglargeblocksinbasinalsettings.Silicified hoppercastswithindeep
waterrhythmitesof uppermostPetheiGroupindicateprecipitationof halitein deepwater.
Gypsumpseudomorphsareveryrare,andanhydntepseudomorphsarenotpresent.The
interpreteddominanceof halite-bearingmarineevaporitesin thisbasinandtwo
penecontemporaneousbasinssurroundingtheSlavecraton(Kilihigok andWopmay
Orogen)suggeststhatseawatercirca1.9-1.8Ga washighlyoversaturatedwith respectto
calciumcarbonateandpossiblydepletedin SO42-.Thedearthof extensive,thick-bedded
marinegypsumin theArcheanandPaleoproterozoiccanbeexplainedby low atmospheric
oxygencontentprior to ~2Gainconjunctionwith increasedcarbonatesaturationbefore
- 1.6Ga.

Project3: PrecambrianversusPhanerozoicCarbonate-to-EvaporiteTransitions

Thetransitionbetweencarbonateplatformsor isolatedcarbonatebuildupsand
overlyingevaporitescommonlyis markedby assemblagesof stromatolitesand
interlaminatedcarbonatesandevapontes.Stromatolitesdisplaylaminationtexturesthatvary
from peloidalanddiscontinuousonascaleof mmto afew cm,to isopachousand
continuouslylaminatedonascaleof cm to m. Theisopachouslaminationtexturemaybe
composedof eithermicriticor radial fibrouscalciteanddolomite. Isopachousstromatolitic
laminaeareremarkablyuniform,varyinglittle in thicknessoveragivenlateraldistance,in
contrastto stromatolitesformedof peloidallaminaewhichshowmarkedvariationin
thicknessoveranequivalentlateraldistance.Thesetexturesareuncommononmostopen-
marinecarbonateplatformsandapparentlydevelopedin transitionalcarbonate-to-evaponte
settingsdueto increasingtemperature,salinityandanoxiarelatedto waterstratification,
whichwouldhavecreatedecologicrestrictionandanopportunityfor stromatolitegrowth.
Stromatoliteswith isopachouslaminationarehereinterpretedto haveformedasaresultof
in situ precipitation of sea-floor encrusting calcite and possibly dolomite, whereas the
stromatolites comprised of peloidal, discontinuous lamination are inferred to have formed
by trapping and binding of loose carbonate sediment in microbial mats. While the presence
of microbes in almost all near-surface environments nullifies use of the term "abiotic" to

describe most precipitated minerals, we interpret growth of the isopachous stromatolites to
have been dominated by chemogenic precipitation in the absence of microbial mats, and the



growthof peloidalstromatolitesto havebeencontrolledby sedimentationin thepresenceof
microbialmats.

ThesetransitionalstromatolitefaciesarebestdcvelopedatopProterozoicand
Paleozoiccarbonateplatformsthatunderliemajorevaporitesuccessions.However,
inspectionof Jurassicandyoungerevaporitebasins,suchastheMessinianof the
Mediterraneanregion,showsthatstromatoliteswith fine, isopachouslaminationandradial
fibroustextures,thoughpresent,arerare. Instead,thesefaciesmayhavebeenreplacedby
stromatoliteswithpeloidal,clastictexturesandby low-diversitydiatomaceousandcoccolith
mudstones.Accumulationof themudstoneswouldhaveimposedtwo importanteffects. In
thefirst instance,productionof coccolithswouldhavehelpedextractcalciumcarbonate
from seawater,thusloweringthegrowthpotentialfor precipitationof sea-floorencrusting
stromatolites.In thesecondcase,settlingof bothcoccolithsanddiatomswouldhave
createda sedimentflux to theseafloorwhichwouldhaveservedto impedegrowthof
precipitatedstromatolitesdueto smotheringof growingcrystals.
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